A latex agglutination test employing serogroup-specific meningococcal polysaccharides as the antigen has been developed. The test has been used to measure serological responses in patients with meningococcal disease, in meningococcal carriers, and in volunteers who received meningococcal vaccines. It has been shown to be a sensitive and highly specific test for the detection of group-specific meningococcal antibody. The advantages of standardized particles and antigens which are simple to prepare and stable make this assay feasible for many nonspecialized or small laboratories. Infection with meningococci is followed by the development of group-specific humoral antibodies against the meningococcal organism (1). A variety of serological tests have been developed to measure these antibodies and those induced by polysaccharide vaccines. In a recent paper the specificities, sensitivities, advantages, and disadvantages of many of these tests have been discussed (2).
A latex agglutination test employing serogroup-specific meningococcal polysaccharides as the antigen has been developed. The test has been used to measure serological responses in patients with meningococcal disease, in meningococcal carriers, and in volunteers who received meningococcal vaccines. It has been shown to be a sensitive and highly specific test for the detection of group-specific meningococcal antibody. The advantages of standardized particles and antigens which are simple to prepare and stable make this assay feasible for many nonspecialized or small laboratories.
Infection with meningococci is followed by the development of group-specific humoral antibodies against the meningococcal organism (1). A variety of serological tests have been developed to measure these antibodies and those induced by polysaccharide vaccines. In a recent paper the specificities, sensitivities, advantages, and disadvantages of many of these tests have been discussed (2) .
The present paper describes a new test in which group-specific meningococcal polysaccharide is adsorbed onto latex particles for use in an agglutination test to detect serum antibodies. The use of these inert nonbiological particles as carriers of various antigens offers as its primary advantage a stable, uniform, and easily obtainable vehicle.
MATERIALS AND METHODS
Antigens. Meningococcal strains of group A (A-1), group B (B-11), and group C (C-11) were those previously described (1) . The group Y [Boshard (3),
WRAIR 6524] strain was isolated from the cerebrospinal fluid of a patient who developed meningococcal meningitis. Purified meningococcal polysaccharides A, B, and C were prepared by the method of Gotschlich et al. (4) . Antigens were stored as lyophilized powder in a desiccator jar in the cold or as stock solutions (concentration of 100 or 250 ,ug/ml) which were held frozen until used.
Crude polysaccharide antigens were prepared by suspending a 6-hr culture (early exponential growth phase) of meningococci grown on chocolate-agar in phosphate-buffered saline (PBS), pH 7.2 + 0.1, for 2 hr (MacFarland BaSO4 standard no. 10). The suspension was then centrifuged at 2,000 rev/min for 15 min, the cells were discarded, and the supernatant fluid was sterilized by filtration through a 0.45-,um membrane filter (Millipore Corp., Bedford, Mass.) and stored at -20 C.
Latex particles. A commercial preparation of polystyrene latex particles of uniform particle size and suspension (Latex 0.81, Difco) was used as the antigen carrier.
Serum collection and subjects. Serum specimens were obtained from persons with nasopharyngeal colonization or systemic infection or from vaccinated volunteers and were stored at -20 C until used. Systemic infection was documented by isolation of organisms from blood or cerebrospinal fluid. Meningococci were identified by methods previously described (1) . Vac Antigen standardization. Standardization of the antigens was done by using sera with high and sera with low antibody content since an occasional preparation caused a nonspecific agglutination at higher dilutions (usually greater than 1:128) which obliterated the end point of the high-titered serum.
Properties of antigens used to sensitize latex particles. As different batches of antigens were tested in the latex system, it became apparent that some were much more satisfactory than others. The amount of antigen adsorbed to the latex was considered to be a probable factor. To test this hypothesis, different lots of serogroup A and B antigens were taken at various stages of purification and were tested in a grid titration against sera of known antibody content. The cruder antigens were found to be more active than the purified polysaccharides (Table 1) . To assure that the antibody being measured was directed against the polysaccharide, inhibition tests were performed. It was found that the purified polysaccharides, A-5:pure and A-9:pure, completely inhibited the Lx-A tests in which the cruder polysaccharide was used as antigen (A-5:crude, A-9: crude, respectively). Furthermore, purified C polysaccharide made by Gotschlich's method (4) completely inhibited agglutination of latex particles sensitized with a crude saline extract of group C antigen when tested with known immune human serum.
In a second set of experiments, a radioactive group A polysaccharide was prepared by using "4C-sodium acetate. This material was processed into two fractions: a "crude" preparation prepared by precipitating the polysaccharide with 66% (v/v) ethyl alcohol and removing the nucleic acids with one-tenth saturated sodium acetate, and a more purified fraction made by precipitating a portion of this crude preparation with 80%Xv (v/v) ethyl alcohol. Because of the small amount of material prepared, only the protein content could be measured. The crude preparation was found to contain 240 ,g of protein/ml, whereas the more purified fraction contained only 25 fold serial dilutions of labeled antigen was performed (Table 2 ). It was found that the cruder antigen was active when diluted as much as 1: 128 compared to 1:8 for the purified antigen.
Latex particles sensitized at an antigen dilution of 1 :1 were also collected on a Millipore 0.45-,um membrane filter, washed, and dried. The activities of the latex particle plus filter paper, filtrate, and a filter-paper control were measured in a Packard Tri-Carb liquid scintillation counter. The per cent of antigen bound to the latex was then determined. It was found that 16 times more crude antigen remained bound to the latex than pure antigen (0.839% versus 0.053%).
Finally, in a series of 57 adult volunteers who received the group C vaccine, the mean antibody increase between the prevaccination and 2-wetk postvaccination sera using the pure C polysaccharide antigen was 4.08 tubes. Whereas, the which a group B organism was isolated from the blood, showed antibody increases to both the B and C polysaccharides. In Table 3 Comparison of the Lx and radioactive antigenbinding assays (ABA). Only the Lx-B and Lx-C tests were compared with the ABA test. Seven group B cases and 12 group B carriers were mutually studied. All of the cases and one of the carriers showed rises in both assays. Eleven group C meningitis cases showed antibody rises by both group C assay systems.
Comparison of Lx and HA tests. The Lx and HA tests using meningococcal polysaccharides as antigens showed 100% correlation in adults with disease, carriage, or vaccination (Table 5) . When the same batch of polysaccharide antigen was used in both assays, mean titers were higher in the HA test although the mean change in titer was essentially the same (Table 6 ).
In an experiment using sera from children who had received group C vaccine, seven individuals failed to show antibody response by the HA-C test and Lx-C test with a purified C antigen. All seven showed a fourfold or greater Lx-C response when a crude C antigen (saline extract) was used. These positive results were confirmed by the very sensitive radioactive ABA test.
Immunoglobulins active in the Lx test. Sera from a patient with group C meningococcal disease were examined for immunoglobulins active in the latex system. Results of sucrose density centrifugation (Table 7) and 2-mercaptoethanol treatment showed all the activity to reside in the immunoglobulin M moiety. A second patient tested by 2-mercaptoethanol treatment only also showed immunoglobulin M activity exclusively.
Reproducibility. To determine the reproducibility of the test, 30 consecutive tests on selected sera which were assayed over a period of 1 However, most of these same individuals showed FAB rises to heterologous as well as homologous serogroup antigens (2) . The failure to demonstrate Lx-B rises in 22 of 24 group B carriers was unexpected. Six of these men were also tested by FAB-B and showed significant titer increases with fluorescein-tagged immunoglobulins G and M and antiglobulins. However, only 1 of 12 tested by the group-specific, highly sensitive, radioactive antigen-binding assay showed a group B polysaccharide titer increase. This same subject had a Lx-B antibody rise. Therefore, the lack of antipolysaccharide response to group B carrier infection appears to be a true finding and not the result of an insensitive latex test.
The Lx-B and -C tests also compared very favorably with the highly sensitive, radioactive, antigen-binding assay. However, the Lx test is much simpler to perform.
A major factor in the latex system appears to be the nature of the antigen preparation used. The data presented above suggest that crude polysaccharide preparations bind to latex particles more firmly or in a greater quantity, or both, than highly purified polysaccharides and thus provide a more-sensitive indicator of antibody than the highly purified materials. Whether the protein or nucleic acid is the important "sticky" factor is not yet known. No studies were done to determine how much protein or nucleic acid, or both, was necessary. That the sticky factor is primarily responsible for the ability of the polysaccharide molecule to coat the latex particle and is not involved in the antibody-antigen agglutination was demonstrated by the ability of a highly purified polysaccharide to inhibit the reaction.
